SUMMARY Cardiac parasympathetic activity was assessed in 21 patients during the first 24 hours of acute myocardial infarction by measuring abrupt beat by beat changes in RR interval, which are expressed as "RR counts". Eleven patients had inferior wall infarction and 10 had anterior wall myocardial infarction. The whole recording period was analysed in 11 patients (five inferior and six anterior), and intermittent hourly periods were analysed in all 21 subjects. Mean RR counts were significantly lower in patients with anterior than inferior infarction, and below the normal range. Although mean heart rates were faster in the group with anterior infarction, there was a dissociation between RR counts and mean heart rate that was consistent with RR interval variability being an independent measure of parasympathetic activity.
Autonomic disturbances may be detected early after acute myocardial infarction in man.' These vary from patient to patient with either apparent sympathetic or parasympathetic effects predominating at any one time, or both occurring concurrently, particularly during the first few hours. 2 The balance ofautonomic activity during this period may be important in determining the extent of subsequent myocardial ischaemic injury3 and the vulnerability to ventricular fibrillation. 4 In general, patients with inferior myocardial infarction more commonly develop bradycardia and transient hypotension, while those with anterior myocardial infarction may develop a faster heart rate.
Measurement ofsympathetic and parasympathetic activity in man after a myocardial infarction poses some difficulties. Heart rate changes alone are insufficiently precise because they reflect not only the overall balance of autonomic activity but also hormonal and other influences. Pharmacological intervention studies are not practicable because the drugs given may alter other reflex responses and make interpretation difficult. Other possible techniques are either invasive or cumbersome.5
Reprints will n5t be available from the authors.
Accepted for publication 10 January 1989 Recently we described a method for measuring cardiac parasympathetic activity continuously from ambulatory electrocardiographic recordings by analysing abrupt beat by beat changes in RR interval. 6 The aim of the present study was to apply this technique to the assessment of cardiac parasympathetic activity during the early hours of acute myocardial infarction. We studied patients with acute inferior and acute anterior wall myocardial infarction for up to 24 hours after the onset of chest pain. McAreavey, Neilson, Ewing, Russell RR interval lengthened were used, because previous work has indicated that there are no significant differences between numbers of lengthened and shortened RR counts. 6 The computer was programmed to exclude changes in RR interval that exceeded 300 ms to avoid false counts caused by missed beats and most ectopic complexes. A rurnning oscilloscopic trend plot of successive RR intervals and a display of the electrocardiographic signal being processed allowed the operator to monitor signal quality, adjust trigger threshold to optimise the rejection of noise and artefact, and to identify arrhythmic episodes.
Patients and methods

PATIENTS
Intermittent assessment To obtain information on the patients excluded from the continuous assessment because of ectopic activity, additional analyses of intermittent short periods were performed in all 21 subjects. This was done by replaying QRS trigger pulses through a BBC B microprocessor programmed to measure successive RR intervals. Sampling periods of 400 beats were selected every hour from the tape recorded electrocardiographic signals, avoiding periods with considerable numbers of extrasystoles. Trend plots ofRR intervals and beat by beat RR interval differences were displayed for each sampling period (fig 1) . Coupling intervals and compensatory pauses associated with extrasystoles were identified by comparison with a simultaneously recorded electrocardiogram and excluded from further analysis. A score of "RR counts (I)" was derived by calculating the number of times within the 400 beat sequence that successive RR interval differences exceeded 50 ms during sinus rhythm. In those patients in whom, because of extrasystoles, less than 400 sinus beats were used to measure "RR counts (I)", the results were expressed as a proportion of 400 beats. The mean (SD) number of sinus beats used in these patients was 379 (27 
counts (I) in fig 2
show that with anterior infarction counts are low throughout, whereas with inferior infarction counts are higher and significantly so at most points during the 24 hour recording period. Figure 3 shows the value for RR counts (C) obtained in 58 ambulant men, together with counts for six young men who were in bed recovering from trauma but who were otherwise normal. When RR counts (C) in the myocardial infarction patients were compared with these normal values (fig 4) , those with inferior myocardial infarction fell within the normal range whereas those with anterior myocardial infarction had reduced counts. disappearance after intravenous atropine. Figure 1 shows the effect of atropine in a patient with acute inferior myocardial infarction. Before atropine, the RR interval was around 1200 ms and there was considerable RR interval variation. After 0-6 mg intravenous atropine the mean RR interval shortened to 600 ms and RR interval variation was abolished.
One and a half hours later there was again considerable RR interval variation although the mean RR interval itself remained unchanged at 600 ms.
Effect of atropine
The abrupt variation in RR interval i mediated by the vagus nerve. This is su Discussion was probably We studied the technique ofnon-invasive assessment iggested by its of cardiac parasympathetic activity from abrupt beat by beat RR interval changes during the early hours of acute myocardial infarction. Such RR interval changes were less frequent in patients with anterior than inferior myocardial infarction independent of --_ -f underlying heart rate. Individual RR interval pat-0 * terns were, however, variable frompatient to patient. In some, the RR interval changed irregularly throughout the period of recording; in others, 6 In addition, animal studies suggest that the degree of respiratory sinus arrhythmia is directly related to vagal efferent traffic."" Thus we feel that RR interval variation, as assessed by our method of measuring RR interval differences, provides a useful index of cardiac parasympathetic activity, which can be recorded and measured over prolonged periods. The parasympathetic mediation of variation in RR interval is further suggested by our observations with atropine. The return of variation in RR interval in our patient with myocardial infarction 90 minutes after he was given atropine was not accompanied by a slowing in heart rate, which suggests that control of variation in heart rate might be mediated separately from that of prevailing heart rate. While the exact relation between prevailing heart rate and heart rate variation is complex, we have previously shown in healthy people and diabetic patients that variation in heart rate does not parallel prevailing heart rate and that some people with high heart rates also had high heart rate variation. 6 No obvious factors seemed to determine the episodic and irregular timing of these presumed parasympathetically mediated changes. They probably reflect changes in automonic reflex responses, which are influenced by numerous factors including central stimuli and multiple cardiac, respiratory, and baroreceptor afferent stimuli." Asynchrony of vagal afferent and sinoatrial nodal pacemaker activity may also contribute.'7 Responses may be further modulated by intracardiac sympathetic-parasympathetic interactions involving nerve terminals, postsynaptic, and cellular mechanisms'8'9 and sino-atrial chromaflin cells. '7 The lower counts in our patients with anterior infarction cannot be attributed to bed rest alone because healthy people conlfined to bed for other reasons had counts within our expected range for healthy ambulant people (fig 3) . Furthermore An alternative possibility is that differences in "counts" between patients with anterior and inferior infarction may result from enhanced vagal responses after ischaemia of the sinoatrial node associated with occlusion of the right coronary artery.'
In conclusion, this study showed that differing degrees ofcardiac parasympathetic activity can occur in individual patients during the first 24 hours after onset of symptoms of acute myocardial infarction that may not be manifest by heart rate changes alone, with significantly lower activity in anterior infarction than in inferior infarction. These observations raise the possibility ofpredicting neurogenically triggered serious cardiac arrhythmias. Transient autonomic imbalances are associated with enhanced electrical instability of the heart24 and there is evidence to suggest that transient changes in parasympathetic activity may precede episodes of ventricular fibrillation.25 Assessment ofheart rate variability may also be of prognostic value in the months after acute myocardial infarction.2'
